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Introduction
While information technology (IT) spending grew rapidly from 1990 to 1995, the timing and form of the Internet's commercialization caught all but a small number of technical cognoscenti by surprise. The vast majority of business establishments were then faced with a new and unexpected technology. They had to decide how to react to the availability of new capabilities.
American businesses reacted with the largest growth rates in investment in IT in the history of the United States. Stocks of information technology capital grew at a 20% annual growth rate from the end of 1995 to the end of 2000.
1 By 2000, computer hardware and software stocks had reached $622.2 billion. 2 The majority of this investment was affiliated with enabling business applications. In 2000, for example, total business investment in IT goods and services was almost triple the level for personal consumption of similar goods.
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The level of these investment flows is immense and so is the variance across locations. 4 In some locations, the Internet has been adopted across all facets of economic activity, while in other locations adoption is not widespread. Two competing theories for explaining this variance have received the most attention. First, "global village" theory predicts that firms in small cities and rural areas adopted the Internet more quickly than urban firms because the marginal returns to the use of the communications capabilities of the Internet are higher in remote locations or in locations lacking economies of density.
In contrast, the "urban density" theory predicts adoption will be most extensive in big cities because such locations allow for the pooling of resources, which lowers the costs of adoption.
Despite policy interest and much speculation about the pattern of diffusion, little empirical research confirms or refutes the competing hypotheses. This paper is the first to adjudicate this debate with hard data. Specifically, our study concentrates on a single, major, well-defined, and reasonably well-recorded development-adoption of business applications of the Internet-to test between competing theories about the geographic diffusion of Internet technology. In contrast to previous research on use of the Internet by workers, we focus on adoption by an establishment. This is more appropriate for comparing the marginal contribution of location, industry, and application complexity.
Our estimates examine decision-making among the largest investors in IT in the U.S. economy:
Approximately two-thirds of the United States work force is employed in the type of establishments
studied. Specifically, we analyze Internet adoption at 86,879 establishments with over one hundred employees; this sample comprises roughly half of U.S. establishments of such size. The data come from 1 This includes computer hardware, computer software, and communications hardware and instruments. See Price and McKittrick (2002) or Henry and Dalton (2002) . The growth rates are even higher if communications hardware and instruments are excluded. 2 These are constant (1996) dollars. See Henry and Dalton (2002) . 3 For 2000, estimated personal consumption of IT goods and services was $165 billion. For business it was $466 billion. See Henry and Dalton (2002) . 4 For an extensive description of this variance, see our previous paper, Forman, Goldfarb and Greenstein (2002) .
2 a survey updated to the end of 2000. Harte Hanks Market Intelligence (hereafter HH), a commercial market research firm that tracks use of Internet technology in business, undertook the survey. We separate these data into two categories of adoption-participation, which refers to adoption of simple applications, and enhancement, which refers to adoption of complex applications requiring technical support and third-party servicing.
Our earlier work (Forman, Goldfarb and Greenstein 2002) establishes that the variance in geographical patterns of participation and enhancement differ substantially from the variance uncovered in any existing research on Internet adoption by households or infrastructure deployment. While we have already shown that there is variance in adoption rates, here we focus on decomposing the factors underlying aggregate variance and explicitly test hypotheses relating to these underlying factors. On the basis of our results we provide input on the debate concerning patterns of Internet diffusion. Our research supports three central findings:
1. Urban density theory is not supported when the Internet is adopted for participation purposes.
In other words, adoption does not increase with the size and density of a city. In fact, there is some evidence that the opposite holds. Adoption of participation is closer to the more utopian global village theory that is associated with the promise of the Internet.
2.
We reach the opposite conclusion for enhancement: In this case, global village theory is not supported and urban density theory is, because the probability that an establishment will adopt enhancement applications increases with the population and density of location.
3.
Finally, the type of industry found in major cities plays a key role in explaining the variance of adoption rates between cities: We label this industry composition theory. More IT-intensive industries tend to cluster in urban areas. Urban density theory and industry composition theory interact in a complementary way for enhancement applications. This interaction could exacerbate agglomeration in use. However, because IT-intensive industries are numerous and geographically dispersed, frontier technology use is also widespread. We find little evidence of agglomeration among participation applications.
Our study is pertinent to previous studies, yet it provides a new dimension to and novel data on the way adoption processes and business location interact. In addition to bringing hard data to bear on the geographic variance of Internet use, our investigation contributes novel findings to the debate about whether IT acts as a substitute or complement to the agglomeration of economic activity (e.g., Gaspar
and Glaeser 1998). Unlike some studies in this vein, we do not consider the determinants of long-run equilibrium, that is, where firms relocate after technology markets develop (e.g., Beardsell and Henderson 1999; Kolko 2002) . Rather, we examine the short-run reaction of establishments to something new. This situation avoids the largest difficulty in previous empirical research, the simultaneous determination of industrial location, adoption decisions and supplier activity.
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Our empirical question of how location affects Internet practice is similar to Kolko (2000) . He uses domain name registrations in the context of a periphery/central city model to find that users in cities of medium size and above have registration patterns consistent with those areas benefiting disproportionately from the Internet. We examinethe adoption by businesses of certain processes in cities of varying size and location.
Our study is also similar in spirit to Sinai and Waldfogel (2001) . They examine household behavior for evidence that Internet content is either a substitute or a complement to content found locally. When we examine substitutability or complementarity our focus is on adoption by business establishments, as opposed to household Internet use. Moreover, our decomposition of the geographic variation of Internet use into industry-and location-specific factors enables us to test hypothesizes unexamined by prior work.
We ultimately accept hypotheses based on the formulation that the Internet is a General Purpose
Technology, or GPT (Bresnahan and Trajtenberg 1995). Although others have hypothesized that the
Internet is a GPT (e.g., Harris 1998), we are the first to link this formulation to a statistical analysis of adoption behavior by commercial businesses. The GPT framework underscores our distinction between participation and enhancement, both of which rely, to different degrees, on local market-based support.
In our characterization of how local pooled resources influence the returns to adopting enhancement applications, our study is similar to adoption studies that examine how knowledge spillovers (e.g., Our analysis and findings contrast strongly with the prevailing analysis inspired by literature on the digital divide. Even though, like previous studies, we find that some regions are leaders and some are laggards in the use of Internet technology, we do not conclude that use of the Internet is concentrated in a small number of places. Moreover, we emphasize the sharp differences between the diffusion processes shaping participation and enhancement, both of which support very different explanations about the factors shaping geographic variation in use.
In Sections 2 and 3, we describe the theoretical framework, data, and empirical method. In Section 4, we show that there is regional variation in Internet adoption rates. In Sections 5 and 6, we separate out the relative importance of global village theory, urban density theory, and industry composition theory in driving this variation. In Section 7, we conclude with observations about how our findings shape the analysis of the economic returns from the diffusion of Internet technology. 4
Framework and Testable Hypotheses
Why are technologies, such as the Internet, adopted at different rates by different firms? We offer a framework that formalizes theories about how the benefits and costs of adoption vary across establishments in different locations.
We consider an establishment's decision to adopt a new technology such as Internet access or interfirm networking capabilities. For notational simplicity, in this section we consider only a generic application of technology. Later in our discussion we will consider adoption of both a specific participation and enhancement application. 5 Establishment i will adopt Internet technology by time t if
where NB is the net benefit of adoption, B is the gross benefit of adoption, and C is the cost of adoption.
We let x i describe geographic conditions, such as population size and density, while z i describes industry characteristics that may affect a firm's decision to adopt Internet technology. Both features are fixed over time for establishments.
Our empirical work examines one cross-section at time t. Since adoption of the Internet is rarely reversed, we are comfortable with the data-driven requirement that we suppress the time dimension.
Under the standard "probit model" of diffusion (e.g., David 1969), adoption costs decline over time for all potential adopters, so the timing of adoption coincides with intensity of demand. We employ the standard analysis for a cross-section at any point in time: The difference between adoption and nonadoption reveals the threshold between those with high and low valuations from use.
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We now discuss different theories about NB(x i ,z i ), each of which gives competing predictions about the role of location in the adoption of the Internet by commercial establishments. Table 1 lists each of these hypotheses and their predictions.
Global village versus urban density
Global village theory argues that gross adoption benefits (1) increase as population size and density decrease (i.e., dB/dx i < 0, where x i is population size or density) and (2) increase more slowly than costs (dC/dx i < -dB/dx i for all x i ). Together, net benefits from adoption decrease as population size and density increase (dNB/dx i < 0). While the theory is implausible for sufficiently isolated establishments (e.g., in the Mohave desert), its proponents generally focus on the predictions for existing establishments in most urban and low-density settings. Global village theory predicts that 5 Our data analysis will consider adoption of two distinct layers of Internet technology. It is easily generalizable to more than two. In fact, Forman (2002) finds that participation and enhancement applications tend to be adopted in clusters. 6 Generally, see Rogers (1995) . We allow the cost term C to include the opportunity cost of not adopting at some other time s > t, thus the net benefit condition above is both necessary and sufficient for the establishment to adopt by t. Another standard formulation would examine an establishment's decision to adopt at time t, and the equation above would be supplemented by an "arbitrage condition" (Ireland and Stoneman 1986) that it is less beneficial to adopt at any other time s t ≠ .
5 adoption of the Internet will be more common among establishments in rural areas than in urban areas, all other things being equal. and that these costs increase faster than benefits increase (dC/dx i > -dB/dx i for all x i ). Together, net benefits of adoption increase as population size and density increase (dNB/dx i > 0). Urban density theory predicts that adoption of the Internet will be less common in rural areas than in urban areas, all other things being equal.
There are three major factors supporting this hypothesis: (1) availability of complementary information technology infrastructure, (2) labor market thickness for complementary services or specialized skills, and (3) knowledge spillovers. These are closely related to the three major reasons given for industrial agglomeration (e.g., Marshall 1920; Krugman 1991) . For example, the availability of low-cost complementary inputs, such as broadband services or Internet access, will have an impact on the cost of adoption.
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Urban density theory has received considerable exposure, partially because the literature on the urban/rural digital divide highlights this concern. For example, both Gorman (2002) and Zooks (2000a, b) , summarizing the conclusions of many others as well as their own research, express this view quite strongly (see, also, Castells 2003). 9 They also argue that Internet technology is a complement to urban agglomeration. (For a full review of this literature, see Greenstein, 2003) . 7 Most discussion of this hypothesis follows from Cairncross (1997), who was an early proponent of global village theory. She states, "The death of distance as a determinant of the cost of communicating will probably be the single most important force shaping society in the first half of the next century" (p. 1). 9 This is a particularly prominent theme in the series of reports from the National Telecommunications and Information Administration (1995, 1998, 1999, 2000a, 2000b) . See, also, Moss and Townsend (1997) .
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In comparing global village and urban density theories, we further contrast participation purposes for business use of the Internet with enhancement purposes. 10 Participation is affiliated with basic communications, such as email use, browsing, and passive document sharing. It represents our measure of the minimal investment required to do business on the Internet. It is emphasized in many studies of "universal service" in new technologies. Geographic differences in participation, such as urban/rural divisions, are important drivers of policy decisions in this area.
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Enhancement, on the other hand, is affiliated with IT that either changes existing internal operations or implements new services. It is related to investment in frontier technologies linked to computing facilities, which are often known as "e-commerce" or "e-business." Enhancement is linked to the productive advance of firms and the economic growth of the regions in which these firms reside.
It usually arrives as part of other intermediate goods, such as software, computing or networking equipment. Benefits accrue to the establishment that employs enhancement through the addition of competitive advantage. The costs and delays of this activity vary, and enhancement investments are the most idiosyncratic and difficult.
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The contrast between our participation and enhancement results is informative about local adaptation costs. Bresnahan and Trajtenberg (1995) argue that the invention of a GPT like the Internet involves high fixed costs. Users typically must adapt the GPT to their particular environments.
Adoption involves a combination of (1) reproduction and (2) co-invention to meet idiosyncratic circumstances. Co-invention activity is not just R&D because it involves change to organizational processes. When requirements and constraints are idiosyncratic and either technically or organizationally complex, co-invention issues are expensive to address. When technical and organizational issues are generic and common, co-invention expenses are lower and are spread out among a larger set of users.
13
Adaptation costs are relevant to the adoption decision for enhancement and largely negligible for participation. If the effect of increases in density on adoption benefits (dB/dx i ) is similar for both participation and enhancement, the rate of improvement in net benefits, with respect to density, rises faster for enhancement than for participation. This hypothesis predicts that enhancement will be more sensitive to increases in density than will participation (i.e., dNB/dx i for enhancement > dNB/dx i for 7 participation). This is a prediction about the comparative difference between the two types of applications, but it has no implication for whether global village or urban density theory holds for none, either, or both participation or enhancement.
Industry composition
We distinguish between different versions of industry composition theory. These theories provide potential alternative hypotheses for why the adoption of participation and enhancement increases as population density increases. In all cases the theory argues that there is heterogeneous demand for Internet technology and that the demand increases with the information intensity of the industry. Furthermore, establishments from the same industry tend to cluster in similar places to take advantage of thicker industry-specific labor markets and other shared local resources. For the purposes of this discussion, we allow z i to denote the IT-intensity of an industry. 
Sample construction and statistical method
Our endogenous variable will be y j , the value to establishment j of adoption. The variable j y is latent. We observe only discrete choices: whether or not the establishment chooses participation and whether or not it chooses enhancement. In either case, the observed decision takes on a value of either one or zero. We will define these endogenous variables more precisely below.
In our base specification we assume that the value to establishment j of adopting the Internet is whether the establishment responded to the long survey. 21 The variables x mj and w qj denote other location-specific (e.g., population size and density) and establishment-specific variables (e.g., establishment size and dummies indicating single-or multi-establishment firm), respectively. In variations of the model, we may allow for interactions among these variables. If we assume the error term j ε is i.i.d. normal, then the probability that establishment j participates can be estimated with a probit regression.
We use this model for two research purposes. Our first purpose is descriptive. We illustrate average tendencies for particular establishments in particular locations at a particular point in time. We then weight observations using Census County Business Patterns data to obtain a representative sample.
18 Because average establishment size differs across urban and rural areas and we only observe establishments greater than 100 employees, our sampling methodology may create some selection bias could affect our interpretation of the marginal impact of location. However, we believe this bias will be minor. We have run regressions with and without size controls and the results remain qualitatively similar. 19 Previous studies (Charles, Ives and Leduc 2002; Census 2002) have shown that Internet participation varies with business size and that very small establishments rarely make Internet investments for enhancement. Thus, our sampling methodology enables us to track the relevant margin in investments for enhancement, while our participation estimates may overstate participation relative to the population of all business establishments. 20 If we were only interested in the features of the most populated regions of the country, then we could easily rely solely on the most recent data from the latter half of 2000, about 40% of the sample. However, using only this data would result in a very small number of observations for most regions with a population of under one million.
(1)
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We do this to establish and illustrate the extent of overall variation in adoption propensity. For the average estimates in Tables 2, 3 , and 4, we calculate predicted probabilities of adoption for each establishment as if it were surveyed in the second half of 2000 and were given the long survey. The location-specific and establishment-specific variables, x mj and w qj , are not included in this specification.
Our second (and core) purpose is to test competing hypotheses. We analyze the marginal contribution of different factors that shape adoption decisions at the establishment. We report marginal effects from a variety of different specifications, where the model listed above is our base case. The coefficients on α, β, and φ are weighted to give a representative sample. (We subsequently display these results in Tables 5 through 9 and Figures 1 through 4).
Two econometric assumptions support the estimates of marginal effects: • Exogenous location: We examine short-run marginal effects of industry and location variables on the decision to invest in Internet technology. To identify these effects, we assume that the location of an establishment is exogenous. We argue that this assumption is supported by the (ex-ante) unexpected rapid diffusion of the Internet, as well as by a regression on a subset of the sample.
For one, this assumption is plausible. As noted in many contemporary accounts, the widespread diffusion of the Internet took most commercial establishments by surprise. Thus, firms did not make establishment-location decisions in anticipation of the Internet. In this study we observe short-run adoption decisions five years into the diffusion of the Internet, before medium and large establishments had time to relocate. That is to say, unlike prior research that has examined the relationship between information technology and economic geography, we have a "natural experiment." The technology was new and unexpected, so establishment location is exogenous with respect to technology use.
We can test this assumption directly by comparing results between our entire sample of establishments and a special subsample of establishments that (we are certain) fixed their locations prior to 1995 when the commercial Internet became available to most businesses. Since we find that the key estimates do not differ between these two samples, we infer that the potential endogeneity of establishment locations does not alter our inferences about the influence of location on adoption of Internet technology.
• Simultaneity bias: Our base econometric specification assumes that the adoption decision of one establishment is independent of every other. This assumption is questionable for multi-establishment firms in which a central executive decision maker (e.g., a CIO) possibly coordinates the choice to adopt or not adopt for each establishment under his domain. Depending on a wide variety of factors, adoption decisions at establishments from the same organization could be either substitutes or complements for one another in use. While understanding that this relationship is of independent interest, it also lies 11 outside the scope of this study. Here, we are concerned that simultaneity influences the coefficient of interest, the estimate of location on adoption at each establishment.
We address these concerns directly by characterizing the decisions of related establishments at other locations in a reduced form, then measuring whether this alters the estimate of the coefficient on location, while instrumenting for decisions elsewhere. Our focus will be on whether our inferences about the influence of location on adoption of Internet technology are robust to introducing simultaneity into the estimation. We find that, no matter how we measure it, our key results do not change.
Identifying participation and enhancement
As a GPT, Internet technology is employed in many different uses and applications. Our sample includes at least twenty different types of Internet technology, from basic access to software for TCP/IPbased Enterprise Resource Planning. Moreover, there are considerable differences in the applications used across establishments.
Identifying participation was more straightforward than identifying enhancement. We define participation by an establishment that has basic Internet access or has made any type of frontier investment. 22 The establishment survey gives plenty of information about these activities, so we identify participation with confidence.
In contrast, enhancement activity is less transparent in the survey. We look for indications that an establishment must have made investments that involved frontier technologies or substantial coinvention. Most often, these technologies involved inter-organization communication and/or substantial changes to business processes. We identify enhancement from the presence of substantial investments in e-commerce or e-business applications. The threshold for "substantial" is necessarily arbitrary within a range. 23 To be clear, the investments we consider go beyond the downstream interactions with consumers that are traditionally thought of as retail e-commerce. They often involve upstream communication with suppliers, and/or new methods for organizing production, procurement, and sales practices. We look for commitment to two or more of the following projects: Internet-based enterprise resource planning or TCP/IP-based applications in customer service, education, extranet, publications, purchasing or technical support.
24 22 To be counted as participating in the Internet, an establishment must engage in two or more of the following activities: (1) have an Internet service provider; (2) indicate it has basic access; (3) use commerce, customer service, education, extranet, homepage, publications, purchasing or technical support; (4) use the Internet for research or have an intranet or email based on TCP/IP protocols; (5) indicate there are Internet users or Internet developers on site; or (6) outsource some Internet activities. We looked for two or more activities to guard against "false positives." This was a minor issue as the vast majority of positive responses involved use of more than one of these criteria. 23 We tested slight variations on this threshold and did not find qualitatively different results. 24 In brief, an establishment is counted as enhancing business processes when two or more hold: (1) the establishment uses two or more languages commonly used for web applications, such as Active-X, Java, CGI, Perl, VB Script, or XML; (2) the establishment has over five Internet developers; (3) the establishment has two or more "e-business" applications such as customer service, education, extranet, publications, purchasing, or 12
Descriptive statistics
To obtain a representative sample, we compared the number of establishments in our database to the number of establishments in the Census. We calculated the total number of establishments with more than 50 employees in the Census Bureau's 1999 County Business Patterns data and the number of establishments in our database for each two-digit NAICS code in each location. 25 We then calculated the total number in each location. This provides the basis for our weighting. 
Each location-NAICS is given its weighting from its actual frequency in the Census. In other words, if our data under samples a given two-digit NAICS at a location relative to the Census then each observation in that NAICS-location is given more importance. In Appendix Table A .1, we compare our sample to the Census data.
In Table 2 , we present average rates for participation and enhancement for the United States.
Participation by establishments within the sample is at 80.7% (see Unweighted Average in Table 2 ).
The sample underrepresents adopters. Our estimate of the economy-wide distribution, using the true distribution of establishments from the Census, is 88.6% (see Weighted Average in Table 2 ). Enhancement has been undertaken by 11.2% of our sample and 12.6% of the true distribution.
The dispersion of participation and enhancement
In this section, we argue that there is considerable variation across locations in the propensity to adopt Internet technologies. Our results in Table 3 show participation and enhancement rates across Metropolitan Statistical Areas (MSAs) 26 of varying size in the United States. Because there has been little prior work on variation in use of the Internet by business, these descriptive findings are not widely technical support; (4) the establishment reports LAN software that performs one of several functions: e-commerce, enterprise resource planning, web development, or web server; (5) the establishment has an Internet server that is a UNIX workstation or server, mainframe, or minicomputer, or has five or more PC servers, or has Internet storage greater than twenty gigabytes; (6) the establishment answers three or more questions related to Internet server software, Internet/web software, or intranet applications. For a more precise description of some exceptional cases, see the appendix to Forman, Goldfarb and Greenstein (2002) . 25 We use 50 employees because potential differences between different times for taking the survey mean that firms could grow after the Census and therefore be in the CI database. It was necessary to be inclusive for the weighting because some small rural areas had less than three firms in both the Census and the CI database; and therefore if one firm grew from the time of the Census to the time of the CI survey, the weightings would be difficult to interpret. The results are robust to weighting by firms with more than 100 employees in the Census and those with more than 25 employees. This is not surprising given the high correlation between these values.
13 appreciated. In a previous work (Forman, Goldfarb and Greenstein 2002) , we contrasted them with other studies of the geographic variation in household use of the Internet and infrastructure deployment.
We reproduce it here because, on a broad level, this table motivates the present study. The disparities in enhancement adoption rates are even greater (again, see Table 3 ). Large
MSAs have relatively high adoption rates, with an average of 14.7%. In medium MSAs, adoption averages 11.2%. In small MSAs the rates are even lower, 9.9% on average. Average adoption rates in large MSAs are almost one-third greater than in medium MSAs. Once again, these averages suggest that urban density theory or industry composition theory may hold. Clearly there is considerable variation in adoption propensity by city size.
There is also variance in adoption propensity within the subset of large MSAs. In Tables 4a and 4b, we list the participation and enhancement estimates for MSAs with over one million people, in order of highest to lowest adoption rates. 27 As we do in all of our tables, we list the standard errors and number of observations to identify the degree of statistical confidence in the estimates. 28 (For   comparison, Tables 4a and 4b also list the marginal effect of location on adoption, which we will discuss later.)
In Table 4a , we show that participation is high in major urban locations. Virtually all establishments in the major urban areas are participating. Of the forty-nine MSAs, thirty-five are above 90%. All but five are within a 95% confidence interval of 90%. Nevertheless there are large differences between metropolitan areas at the extremes.
In Table 4b , the top ten MSAs that adopted enhancement include a set of areas that partially overlaps with the list in Table 4a . (Five of the top ten are also in the top ten for participation.) Again, the differences between the lowest adopting areas and the highest adopting areas are substantial. The considerable variation in adoption propensity by city size and among cities of the same size illustrated in Table 3 and Tables 4a and 4b , respectively, motivated this study. We next explore some potential causes for this variation.
26 From this point forward, MSAs with populations greater than 1 million will be referred to as large MSAs, those with between 250,000 and 999,999 will be medium MSAs, those with less than 250,000 will be small MSAs, and non-MSA areas will be called rural. 27 When two or more MSAs are part of the same urban environment, the census combines them into CMSAs, or Consolidated Metropolitan Areas. For example the Dallas-Fort Worth CMSA contains both Dallas and Forth Worth. In Table 4 , we present the CMSA results rather than the individual MSA results when an MSA is part of a CMSA. 28 These are computed using the delta method.
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The Marginal Impact of Location on Internet Adoption
In this section, we estimate equation (1), while focusing on testing between global village and urban density theories. We weight observations by the inverse probability that an establishment will appear in our sample. To be precise, the weight for each observation is the total number of establishments in a state/NAICS in Census County Business Patterns data divided by the number of establishments in the state/NAICS in our sample multiplied by controls for sampling the same establishment twice.
In Table 5 , we show the roles of population and density in the adoption decision. Part A presents the coefficients of the probit regressions. Part B presents the marginal effects. All probit regressions include dummy variables for three-digit NAICS, the month the data were collected, survey type, survey type interacted with month, and whether or not the establishment was part of a multiestablishment firm. Employment and employment squared were also included as controls. Population was measured at the MSA level and density at the county level. For columns 1 and 5, we use rural state areas for the base. For columns 2, 3, 6, and 7, we include a "rural area" dummy for rural areas, since no meaningful population figures exist for these areas. In columns 4 and 8 we include population density for all urban and rural areas using low-density areas as the base.
The marginal impact of location
From Table 5 , it is clear there is no support for the urban density theory in participation.
Controlling for industry and firm characteristics, location size and density have little impact on the decision to adopt at the participation level. If anything, the effects of location size and density support global village theory, but the impact of geography is of limited economic and statistical significance. In column 1, we show that medium and large MSAs are 0.5% to 1.0% less likely to have adopted participation by the end of 2000. However, the effect is only significantly different from rural areas for medium MSAs. Moreover, this effect is only of marginal economic significance as participation rates average 88.6%.
In column 2, we identify the effects of size through a variable that captures the effects of increases in population in urban areas. Increases in population size do not increase the probability of participation. While not statistically significant, the coefficient suggests a possible decrease in the probability of participation. In column 3 we include a squared population term. In this formulation, the linear term remains statistically insignificant, while the squared term is significant, albeit very small.
This model implies that the effects of population will turn negative once urban areas exceed 7.039 million, a threshold that is larger than all but the five largest urban areas. In column 4 we include dummies for population density. This alternative specification gives very similar results. Variation in 15 population density does not affect participation by more than 1%, and it is always statistically insignificant.
In contrast to participation, the effects of population size and density on enhancement support urban density theory. Column 5 in part B of Table 5 shows that establishments in medium and large
MSAs adopt enhancement at a rate 0.8% to 1.1% higher than rural areas. Column 8 shows that establishments in medium and large MSAs adopt enhancement at a rate 1.0% to 1.5% more. All of these effects are statistically significant. They are economically significant in light of the average enhancement rates of 12.6%. While column 6 suggests that a linear population term has little effect on enhancement, column 7 shows that population will have a statistically and economically significant positive effect for all MSAs below 8.8 million in size (all but New York, Los Angeles, and Chicago).
Together these results support the key prediction of GPT theory about the comparative relationship between complexity of application and geographic variance in use. The probability that an establishment adopts the Internet for enhancement is more sensitive to geographic variation in density than the similar probability for participation. We interpret this as evidence that the applications more dependent on third-party support and complementary services are most costly to deploy in less dense locations.
Variance in the role of location varies by city size. In Figures 1 and 2 we graph the marginal effect of location in the baseline probit in model (1) to reinforce the results of Table 5 . 29 We divide locations into four types: large MSAs, medium MSAs, small MSAs, and statewide rural (non-MSA)
regions. We plot the kernel density estimates of the effects of location on participation and enhancement, respectively. 30 We use Epanachnikov kernels with "optimal" bandwidths.
In Figure In Figure 2 , the density estimate for large MSAs stochastically dominates those for small MSAs, medium MSAs, and rural areas. The center peak of the large MSAs' distribution is obviously at a higher value than the others. However, it is also apparent that the variance of enhancement adoption within large MSAs and rural areas is less than that within small and medium MSAs. This figure 16 provides a visual depiction of the results in Table 5 that urban density theory better describes the geographic diffusion of enhancement than global village theory.
Despite these results it is important to keep in mind our previous discussion of adoption and participation diffusion patterns in large MSAs (see Table 4 ), which shows that the variance of adoption rates within large MSAs is great. This is not immediately observable from Figures 1and 2 because there is even more variance in the small MSAs, medium MSAs and rural areas. We conducted a number of robustness checks on our results. As noted, we were concerned that establishment location decisions might be correlated with improvements in communications technology.
To control for this potential source of endogeneity, we re-estimated the model using only establishments that had been added to the HH database prior to 1995, the year in which Internet technology began to diffuse widely to businesses. Although this restricted the size of our sample substantially (to 23,436 observations), the basic results remain the same. The correlation coefficients between our baseline marginal effects and those using pre-1995 data are 0.829 for participation and 0.997 for enhancement.
Qualitative results did not change.
We tried a number of other robustness checks. In order to ensure our results were not driven by omitted variables, we experimented with a variety of different specifications, using different location variables (e.g., CMSA dummies), different firm controls (e.g., revenue, private/public), and alternative measures of population size and density. To ensure our results were not a function of the particular weighting scheme used, we tried weighting the probit regressions by three-digit NAICS/states and twodigit NAICS/MSAs, as well as not weighting at all. In all cases the results remained qualitatively the same; the correlation coefficients between our baseline coefficient estimates and the alternative specifications were between 0.88 and 0.95 for participation and 0.78 and 0.90 for enhancement. 
Location and multi-establishment firms
Multi-establishment firms often adopt new communication technologies at some, but not all, of their establishments. Multi-establishment firms choose to locate Internet technology in the locations that are the most cost-effective; this implies that the effects of greater population size and density (urban density) will be more important to adoption decisions for establishments that are part of multi- 31 We also explored whether establishment differences across geographic locations drive our results. Though unobservable establishment differences could play a role, we were unable to uncover any pronounced observable establishment differences. Using weighted data, establishments in large MSAs are larger (12.8% of establishments have >500 employees versus 9.0% for small MSAs and 9.9% for rural areas) and more likely to be multi- Tables 7a and 7b support the hypothesis that the effects of greater population size and density are larger (more positive) if the establishment is part of a multi-establishment firm. Equivalently, the effects of smaller population size and density are greater for single-establishment firms. This is particularly true for enhancement technologies.
Column 1 of Table 7b shows that when a multi-establishment dummy is interacted with MSA dummies the non-interacted medium and large MSA dummies now both have a statistically significant marginal effect of -1.3% and -1.0% respectively. There is no statistically or economically significant effect in the interaction terms themselves. When multi-establishment is interacted with population, there is a statistically significant but small marginal impact of 0.042% per 100,000-person increase in population. 33 The effect of population itself has a more negative impact than in Table 5 . 34 Similar results hold when using population density rather than size.
The economic significance of multi-establishment is larger for enhancement. Interactions of multi-establishment dummies with population size and density weaken the positive effects of noninteracted population variables. In many cases marginal effects become smaller or less statistically significant. In all the columns, the interaction terms suggest that the effects of population size and density are greater for multi-establishment firms.
The economic effects can be substantial. Columns 5 and 8 suggest that establishments that are part of multi-establishment firms and are located in large MSAs or densely populated counties are 2.2% to 2.3% more likely to adopt enhancement than stand-alone establishments in the same locations. These marginal effects are sizable compared to typical enhancement rates of 13%. The marginal effects of interacting multi-establishment with MSA population (in column 6) are statistically significant, but only 0.025% per 100,000 person increase in population.
The previous discussion ignores potential simultaneity bias arising from establishment-level analysis of adoption decisions in multi-establishment firms. We extended our statistical model to 32 To our knowledge, this study is the first to address how multi-establishment status affects technology adoption. Note, however, that our ability to do this comprehensively is restricted by our data. We do not observe all of an organization's establishments. We observe only those with more than 100 employees. 33 This calculation is not shown in the table. 34 These results do not reflect any collinearity between multi-establishment and urban areas. Multi-establishment dummies had a statistically and economically significant impact in the baseline regressions in Table 5 ; the marginal effect was between -2.6% and -2.8%. Moreover, the correlation between multi-establishment status and location in an MSA is positive but small (0.0427).
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include variables capturing the behavior of other establishments within the same firm. In particular, we added variables measuring the percentage and total of other establishments within the same firm adopting the dependent variable (i.e., participation or enhancement). Because these variables are likely to be correlated with unobserved factors affecting the decision to adopt participation and enhancement, we also used nonlinear instrumental variable techniques. For instruments, we used average population and density of other establishments in the same firm. These should be correlated with adoption decisions at the firm's other establishments, but not at the establishment of interest.
We first show whether our baseline estimates (without multi-establishment interactions) are robust to the inclusion of other establishment decisions. The results in Appendix Table A .2 show the marginal effects of probit regressions that add other establishment adoption decisions to the models in Table 5 . These regressions are performed with and without IV. These robustness checks make little difference to the estimated relationship between population density and Internet adoption; the results of our tests contrasting global village and urban density theory remain unchanged. Part A of Table A.2 shows that variables capturing the percentage of establishments with participation and enhancement are positive and significant in weighted probit regressions, however their significance disappears once we instrument in Part B of Table A .2. We interpret the probit regressions without IV as picking up unobserved heterogeneity, which is ultimately eliminated in the IV probit regressions. The new variables have little effect on the population marginal effects. Moreover, statistical significance of our location variables is retained in the IV version of this model.
Similarly, Appendix Table A .3 shows that the inclusion of the decisions of other establishments has almost no impact on the estimates of our multi-establishment interaction models in Table 7 . The new variables have the same pattern as in Table A .2: positive and significant in probit regressions without IV, insignificant in probit regressions with IV. We conclude that simultaneity of decisions does not significantly bias our results. In other words, multi-establishment firms chose to disproportionately place their Internet investments in urban locations. Though these results have statistical significance, for purposes of understanding the relevance of global village or urban density theory the difference in behavior is negligible.
Industry Composition
The differences between the average adoption rates in Table 3 and the marginal effects in Table   5 show that the effects of location on participation and enhancement fall if we include controls for establishment size, industry, and firm status. In Table 3 , large MSAs have almost a 15% higher participation rate and 5% higher enhancement rate than small MSAs. In Table 5 , locating in a large MSA rather than a rural area reduces the probability of participation by 0.6% and increases the probability of enhancement by 1.1%.
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The large differences in adoption rates between large and small urban areas in Table 3 reflect differences in industry composition across locations. Industry composition explains much more of the variation in participation and enhancement rates than location does. Once industry is controlled for, the incremental contribution of location in the probit regressions is small. This is shown in Table 8 . The pseudo-R 2 of a probit for participation including only location dummies is 0.1526, whereas the pseudo-R 2 of a probit with only industry dummies is 0.2251. Adding location dummies to a probit that includes industry dummies barely improves fit, from 0.2251 to 0.2339.
Enhancement displays a similar pattern. Location dummies explain only 0.0347 of the variation in enhancement, industry dummies explain 0.0591, and the combination of industry and location dummies explains 0.0672. While there remains a great deal of unexplained variation in our results, we conclude that an establishment's industry explains more of the variation in Internet use than does geographic location.
What does industry composition explain?
All three theories that emphasize the importance of industry composition assert that leading industries concentrate in large urban areas. To test this hypothesis, we separated establishments by geographic location type (i.e., rural and small, medium, and large MSAs) and calculated the kernel density of industry marginal effects for each type of location. The underlying marginal effects are the same across all four types of locations. However, the densities of each marginal effect differ because of differences in industry composition across locations. We did this for both participation and enhancement.
In Figure 3 , we show the kernel density estimates of the marginal effects of industry by geographic area for participation. 35 Lead-user industries tend to be concentrated in large geographic areas. The average of the marginal effects of industry in rural and small MSAs is -18.7% and -20.2%, while the average of the marginal effects for medium and large MSAs are -18.8% and -16.9%. Except in comparing rural and medium MSAs, these averages are significantly different from one another at the 99% level. Large MSAs tend to have more lead-user industries, even for participation. Figure 4 shows that lead users of enhancement are even more skewed toward large MSAs.
Rural areas and small MSAs have the highest densities along the left tail of the distribution, whereas large and medium MSAs have higher densities along the right tail. The average marginal effect of industry on enhancement adoption increases as location size increases: -8.0% in rural, -7.8% in small MSAs, -7.7% in medium MSAs, and -7.4% in large MSAs. Again, these averages are all significantly different from one another at the 1% level. The bulk of the variation in Table 3 reflects differences in 35 All industry results are unweighted. The omitted industry is information and data processing (NAICS 514). We use Epanachnikov kernels with bandwidth of 0.05 for participation and 0.005 for enhancement. These are wider than "optimal" bandwidths. Optimal bandwidths fail in this case because there are thousands of observations but 20 industry composition between small and large MSAs, rather than other location-specific benefits of locating in large urban areas.
We conclude that large urban areas are comprised of establishments with a disproportionate tendency to be information intensive. To be concrete, within large MSAs, 27.5% of establishments are in industries that are part of the top quartile of adopters, compared to 19.0% of establishments in small
MSAs. The industries in the upper quartile are traditionally information intensive, such as utilities, finance and insurance, company headquarters, professional and scientific services, electronics manufacturing, and wholesale trade. 36 The geographic dispersion of establishments from these industries favored large urban areas prior to the diffusion of the Internet and largely contributed to higher rates of participation and enhancement in large urban areas.
Two conclusions emerge. First, this supports the importance of controlling for industry composition when testing between global village and urban density theory. Second, inferences about the relationship between IT and economic activity are fraught with omitted variable biases in the absence of such controls. We note that this factor is missing from all existing analysis about the geography of Internet use.
Are industry and location complements or substitutes?
The results in Table 8 and Figures 3 and 4 suggest that industry composition theory explains a major part of establishment decisions to adopt Internet technology. However, more analysis is needed to determine whether industry and location effects are complements or substitutes. To examine the industry-agglomeration substitutes and complements hypotheses, we rerun the probit regressions in Table 5 with additional variables controlling for (1) whether the establishment is in a lead-user industry and (2) interactions of this lead user dummy with MSA-size dummies. We define lead-user industries in one of two ways: (1) the top quartile of participation or enhancement adopters among three-digit NAICS industries in our study or (2) Consequently, these are not final tests. We present these results as descriptive evidence that may support either a complement or substitute relationship between industry and location effects. To further supplement our analysis, we later examine whether establishments in lead-user industries (defined by high marginal effects) also tend to be located in favorable locations (locations with high marginal effects). In other words, we examine whether "good" industries are located in "good" locations.
only eighty-one possible values as there are eighty-one relevant three-digit NAICS levels. Therefore the optimal bandwidth does almost no smoothing. 36 For more detail, see Forman, Goldfarb and Greenstein (2002) .
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Using the data on lead Internet adopters, Part A of Table 9 shows that there is little evidence of a complementary relationship between industry and location in participation; if anything, they are
substitutes. An establishment in a top quartile NAICS and a large MSA is 2.6% more likely to adopt participation than an otherwise equivalent top quartile establishment in a rural area. However, large
MSAs are 2.8% less likely to adopt than small MSAs, though the difference is not statistically significant. The NAICS-level controls likely explain the lack of significance of the IT-intensive industry dummy (under both definitions). Perhaps because they are based on the Department of Commerce's more general measure of IT use, the industry-location interactions in Part B of Table 9 are less significant than in Part A. However, they tell exactly the same story. An establishment in a lead-user SIC (Standard Industrial Classification) and large MSA is no more likely to adopt participation than an otherwise equivalent establishment in a small MSA.
In contrast to participation, the results for enhancement in Table 9 show a strong complementary relationship between industry and location. Part A shows that an establishment in a top quartile NAICS and a large MSA is 20.0% more likely to adopt enhancement than an otherwise equivalent top quartile establishment in a rural area. The difference between small MSAs and large
MSAs is even larger. Large and medium MSA establishments are equally likely to adopt enhancement.
The results based on the Department of Commerce's more general measure of IT-intensity again are weaker, but again tell the same general story: An establishment in a lead-user industry and a large MSA is more likely to adopt enhancement than an otherwise equivalent establishment in a small MSA.
Moreover, the positive coefficient on the interaction of lead-user industry and large MSA is the only statistically significant interaction in the regression. In summary, as was suggested by the industryagglomeration complements theory, industry and location are complements for complex applications.
As an alternative way of examining whether industry and location effects tend to complement or substitute one another, we compare median industries by IT use across cities. This is not an explicit test for complementarities, but rather another way of showing whether establishments in IT-intensive industries tend also to be located in favorable locations.
We calculate correlations between the marginal effects of the median industry within each urban area with those of the urban areas themselves. The results are consistent with our findings in Table 9 . For participation, the marginal contribution of the median industry in a location is uncorrelated with the marginal contribution of the location itself (ρ =-0.0214). However, this result disguises a large difference between large and medium MSAs on the one hand and small MSAs and rural areas on the other. The correlation between the marginal contribution of median industry and location is significantly positive (ρ = 0.307) for large and medium MSAs but significantly negative (ρ = -0.211) for small MSAs and rural areas.
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For larger population locations, good cities do have good industries for participation; yet for smaller areas the opposite is true. For enhancement, there do seem to be complementarities between cities and locations (ρ = 0.161). These complementarities do not vary much by city size. Regardless of size, good industries are in good cities and good cities are dominated by good industries. Cities and ITintensity appear to be complements for enhancement, but not for participation, especially in low population areas. This is consistent with the industry-agglomeration complements theory, which emphasizes complementarity for complex applications. We interpret this complementarity as a likely result of spillover effects in using frontier technologies. The exception is as interesting as the more general finding. In low population areas, favorable locations likely only help adoption in firms without in-house expertise. In that case, location and industry become substitutes. This result is potentially consistent with industry-agglomeration substitutes theory, which is most relevant for small urban areas.
Conclusions
Has the Internet realized its promise of reducing the importance of location to economic activity? In this paper, we tested competing views by examining hard data about the short-run decisions of firms to invest in the Internet.
By 2000, participation activities such as email and web browsing had diffused almost everywhere. For these simple technologies, there is no evidence that urban density theory held: Industry composition explains the higher levels of participation adoption in urban areas. Once industry composition was controlled for, we found that the variation across locations is best explained by the global village theory. Moreover, we found some evidence of substitution between IT-intensity and location density: IT-intensive industries in rural locations were the most likely to adopt participation technologies. For the technology with low adaptation costs, we find little evidence of complementarities between industry and location.
For complex enhancement technologies, adoption behavior is best explained by urban density theory. We find evidence of complementarities between industry and location effects in the adoption of enhancement: IT-intensive firms found greater benefits than other firms from pooled resources in large cities.
The geographic variation in use was consistent with GPT theory: enhancement costs are more sensitive to variation in density than are participation costs. Adopters of participation faced low technical hurdles to implementation, while adopters of enhancement faced high ones. Establishments overcame these costs because they had experience with overcoming technical and co-invention costs, had access to rich complementary resources through local markets, or both.
23 Nevertheless, our research shows that the Internet did not exacerbate geographic inequalities by diffusing primarily to urban areas with complementary technical and knowledge resources. This is true even for complex applications that enhance business computing processes. More precisely, there were forces leading to concentration of complex applications in urban areas, consistent with industry composition theory with complementarities, but these forces were not concentrated in a few cities. Users of complex applications are widely dispersed to many industries and locations.
Of more relevance to economic growth, the geographic pattern of adoption for enhancement is quite understandable as an economic matter if these applications have high value and potentially high co-invention costs, which differ depending on local conditions. In smaller MSAs and rural areas, thin technical labor markets alone could drive up costs of operating facilities employing frontier Internet technology. These effects are particularly pronounced for multi-establishment firms. Because the investment is linked to competitive settings, multi-establishment organizations, if they had a choice, would implement new business processes in the more hospitable settings of major urban areas. In addition, multi-establishment organizations would hesitate to open their own complex Internet facilities in rural areas until the costs are lowered. In any case, variation in the availability of complementary resources would lead to more use of enhancement in major urban areas. Particularly for multiestablishment organizations, the outcome is not alarming at all.
Our findings provide several avenues for future research. First, our conclusions apply only to medium to large establishments. We defer to future research to examine small establishments and newly founded firms, that may face a different array of benefits, and may have diminished access to internal resources for idiosyncratic adaptation costs. It is already apparent from existing papers that participation is lower on average in small firms, 37 so we speculate that smaller firms will be more sensitive to geographic variation in local complementary resources than found here. Third, our findings have implications for variation in the dollar value of investment across location and industries and the net returns from those investments. The diffusion model of adoption used in this study implies that magnitudes of investment should follow patterns similar to the patterns for the binary adoption decision. Hence, we speculate that the flow of investment dollars will correlate 24 positively with the rankings of location and industries uncovered in this study. Furthermore, if this model is correct, the investment dollars affiliated with the commercialization of the Internet were widely dispersed throughout locations and industries in the United States. This speculation awaits confirmation with data about investment behavior beyond adoption. Urban density theory holds and the effect of IT-intensity is decreasing in MSA size.
Notes :
x i describes geographic conditions such as population size and density. z i describes the IT-intensity of an industry. Testable implications describe manifestation of each theory in probit models of decision to adopt participation and enhancement. (2), as given in the text. Standard errors are computed using the delta method.
31 High Density (0.00508) (0.00406)* Notes: All regressions include dummy variables for 3-digits NAICS, month that data was collected, and whether it was a multiestablishment firm. Employment and Employment squared were also included as controls. Population was measured at the MSA level.Standard errors are in parentheses.
(1) & (5) Non-MSA is the base for these regressions.
(2), (3), (6), & (7) Since no meaningful population data was available for non-MSA areas, we include a "rural area" dummy variable in each of these regressions. The population and density variables were interacted with (1-RURAL). Therefore the coefficients on the population variables do not include non-MSA areas. (4) & (8) Low density is the base for these regressions. One quarter of the observations fit into each density type. +significant at 90% confidence level *significant at 95% confidence level **significant at 99% confidence level 
Notes:
Author's calculation using estimates from probit models shown in Figures 1 and 2 . * N=127 for enhancement because three small MSAs perfectly predicted non-adoption. 
All regressions include dummy variables for 3-digits NAICS, month that data was collected, and whether it was a multiestablishment firm. Employment and Employment squared were also included as controls. Population was measured at the MSA level.
(2), (3), (6), & (7) Since no meaningful population data was available for non-MSA areas, we include a "rural area" dummy variable in each of these regressions. The population and density variables were interacted with (1-RURAL). Therefore the coefficients on the population variables do not include non-MSA areas. (4) & (8) Low density is the base for these regressions. One quarter of the observations fit into each density type. +significant at 90% confidence level *significant at 95% confidence level **significant at 99% confidence level 37 
All regressions include dummy variables for 3-digits NAICS, month that data was collected, and whether it was a multi-establishment firm. Employment and Employment squared were also included as controls. Standard errors are in parentheses. Non-MSA is the base for these regressions +significant at 90% confidence level *significant at 95% confidence level **significant at 99% confidence level 
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